Cynomorium songaricum Rupr. (CSR) has a long history of being widely used as a functional food and medicine by different ethnic groups worldwide; CSR is used to treat impotence and premature ejaculation and traditionally used as natural source of tonic food. Numerous bioactive compounds linked with human health were recently identified. In this work, all available information on CSR were retrieved from NCBI PubMed and CNKI database, and the recent findings about the compositions and functions of CSR were summarized. At least 76 bioactive compounds, including flavonoids, terpenoids, steroids, organic acids, saccharides, glycosides, and phloroglucinol adducts, were isolated and identified in CSR. These compounds render CSR with pharmacological functions, such as anti-aging, anti-oxidation, anti-fatigue, and anti-HIV activities, and the effects of CSR on immune system, nervous system, reproductive system, and other bioactivities were well reviewed; results serve as valuable data for further research and for development of human health-related products. However, studies on CSR were far from perfect, and further research is warranted. This paper highlights the components and pharmacological functions of CSR, with the aim to provide a comprehensive review and useful data for future studies and for the development of relevant food products.
Flavonoids: Flavonoids and their derivatives are the major chemical components of CSR, and they are most likely the molecular bases of the anti-oxidant and anti-aging activities of CSR. Furthermore, the antibacterial activity of these flavonoids was investigated [7] [8] [9] [10] . Given that catechins showed a high level in CSR and that their main pharmacological activities are similar to those of CSR, catechins were speculated to be one of the main effective components of CSR and may be used as index of quality evaluation in the use of CSR as food and drug additives [6] .
Oligomeric flavan-3-ols were obtained from fresh stems of CSR; these compounds were obtained from 95% alcohol or 50% alcohol extract in the form of procyanidin B1 (1), procyanidin B6 (2), luteolin-7-O-glucoside (3), phloridzin (4), naringenin (5), (-)-catechin (6), (+)-catechin (7) (-)-epicatechin-3-O-gallate (8) , rutin (9) , isoquercetin (10) and (-)-epicatechin (11) [11] [12] [13] [14] [15] . However, phloridzin were also isolated from 70% aqueous acetone extracts [14] [15] . In addition, Zhang et al. isolated naringenin-4'-O-β-pyranoglucose (12) , cyanidin 3-O-glucoside (13) , cyanidin 3-O-(6-O-rhamnosylglucoside) (14) and procyanidin B3 (15) from CSR [13, [16] [17] . Catechin-(6ʹ-8)-catechin (16) , catechin-(6ʹ-6)-catechin (17) , epicatechin-(4β-8)-epicatechin-(4β-8)-catechin (18) , epicatechin-(4β-6)-epicatechin-(4β-8)-catechin (19) , and arecatannin A1 (20) were identified from 70% acetone extract through chromatographic fractionation [10] . Their structures are shown in Figure 2 .
Saccharides and glycosides:
Three fructosides were isolated from stems of CSR. Their structures were determined to be n-butyl-β-Dfructofuranoside (21) , n-butyl-α-D-fructofuranoside (22) , and n-butyl-β-D-fructopyranoside (23) , by using spectroscopic methods [18] [19] [20] . Saccharides are important chemical components of CSR; two polysaccharides were isolated from CSR and they consist of galactose, glucose, arabinose, rhamnose, mannose, ribose, and uronic acid, and the amounts of the last two components were 10.7% and 10.5%, respectively [21] . A water-soluble heteropolysaccharide from CSR was isolated and named CSPA with a molecular weight of 1.394 × 10 5 Da. CSPA displays the following repeating unit: "→3)-α-araf-(1→3)-α-d-glcp-(1→4)-α→d-GalpA6Me-(1→" [22] . A glycan was isolated from CSR and it mainly consists of galactose, glucose, arabinose, rhamnose, ribose, and mannose. The glycan exhibits a dose-dependent scavenging activity toward superoxide anion radical [23] . In addition, (−)isolariciresinol-4-O-β-D-glucopuranoside (24) and (7S,8R)-dehydrodiconiferyl alcohol-9ʹ-β-glucopyranoside (25) were isolated from water extract of CSR stem [10] . Coniferin (26) , isoconiferin (27) , piceid (28) , sucrose (29) and capilliplactone (30) were isolated from chloroform and 95% alcohol extracts [11] [12] [13] [14] . Their structures are shown in Figure 3 .
Terpenoids: Studies have revealed that terpenoids are minor but important secondary metabolites in CSR. Eleven terpenoids were isolated, as follows: malonyl ursolic acid hemiester (31) and ursolic acid (32) were extracted from a 50% alcohol extract [24] [25] ; acetyl ursolic acid (33) , oleanolic acid (34) and betulinic acid (35) [11] , and malonyl oleanolic acid hemiester (36) [26] were obtained from a chloroform extract of CSR. Glutaryl ursolic acid hemiester (37) , maslinic acid (38) , oxalyl ursolic acid hemiester (39) , succinyl ursolic acid hemiester (40) , and ursolic acid methyl ester (41) [8] [9] 27] were isolated from an EtOAc extract of CSR. Among the terpenoids found in CSR, 31, 32, 33 and 36 are the four common triterpenoids found in many species. Their structures are shown in Figure 4 .
Steroids:
Ten chemical components were isolated form CSR, as follows: β-sitosterol palmitate (42) was extracted from a chloroform extract [25] , whereas β-sitosteryl glucoside 6ʹ-O-aliphatate (43), daucosterol (44) were extracted from a dichloromethane extract [11] . β-sitosterol (45), along with 5α-stigmast-9(11)-en-3β-ol (46) and 5α-stigmast-9(11)-en-3β-ol tetracosatrienoic acid ester (47), was obtained from an ethyl acetate extract [28] . Moreover, campesterol (48) and γ-sitosterol (49) were confirmed and analyzed using GC-MS [29] . Their structures are shown in Figure 5 .
Organic acids:
Organic acid is one of significant active components of CSR, and they demonstrate important physiological and pharmacological activities. Ten organic acids have been reported. Among them, protocatechuic acid (50) and gallic acid (51) obtained from the rhizomes of CSR demonstrate essential physiological and pharmacological activities. Except for p-hydroxycinnamic acid (52) , which was obtained from the aerial part of CSR [11] , vanillic acid (53), p-hydroxybenzoic acid (54), succinic acid (55), n-butyric acid (56), gentisic acid (57), and cetylic acid (58) were also isolated from the rhizomes of CSR [8, 9, [30] [31] [32] . Their structures are illustrated in Figure 6 .
Phloroglucinol adducts: Three phloroglucinol adducts have been identified based on LC-MS and HPLC retention time to compared with authentic samples as follows: phloroglucinol (59) [9] , epicatechin-(4β-2)-phloroglucinol (60), epicatechin-3-O-gallate-(4β-2)-phloroglucinol (61) and catechin-(4α-2)-phloroglucinol (62) . Two new compounds were recently isolated from a degraded mixture of cynomoriitannin and identified as cynomoriitanninphloroglucinol A (63) and cynomoriitannin-phloroglucinol B (64) based on spectroscopic analyses [10] . Their structures are shown in Figure 7 .
Other compounds: Qualitative and quantitative analyses of amino acids showed that all 20 common amino acids were found in CSR Phytochemical and pharmacological review of Cynomorium songaricum Natural Product Communications Vol. 13 (4) 2018 503 [33] [34] . These amino acids are important nutritional elements in humans. In addition, volatile components [35] [36] [37] , trace elements [38] [39] , inorganic ions, and tannins (65) [33, 40] play vital role in the pharmacological functions of CSR. Moreover, zingerone 4-O-β-D-glucopyranoside (66) [26] , nicoloside (67) , and adenosine (68), three cysteine conjugates, three acetylcysteine conjugates, and edible reagents from CSR were isolated and purified (69) (70) (71) (72) (73) (74) . Their structures were determined based on their NMR and MS spectra [41] . Epicatechin gallate was obtained using silica gel column, chromatographic and spectroscopic separation [11] [12] . Flavan-3-ol derivatives were isolated through recrystallization of the ethyl acetate portion of CSR [8] . Additionally, mannitol (75) and 3,4-dihydroxyphenethyl acetate (76) were isolated and purified through chromatography on micro-porous resin of silica gel columns. However, the structures of the last compounds remain unknown [9] . The structures of the confirmed chemicals are shown in Figure 8 . Inf., Inflorescences; F.S., Fresh stems.
Pharmacological functions of CSR
Extracts of CSR or CSR itself, which has been traditionally used as healthy product, showed versatile pharmacological effectiveness as recently demonstrated. Advanced and extensive studies were conducted to explore the bioactivities of the chemical components of CSR given that numerous health functions of the edible plant were always experienced by eating the plant directly, by steeping it as wine, or by drinking it as tea. The following findings, including nearly all pharmacological functions and bio-activities of CSR, have been reported.
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Effects on reproductive system: Many CSR extracts have been traditionally used to treat impotence and sexual dysfunction in male, and such medicinal property of CSR has made a profound impression among people in history [42] . The effects of CSR on sperm parameters and expression of glial cell-derived neurotrophic factor (GDNF) were investigated at both mRNA and protein levels. GDNF mRNA levels were significantly elevated up to 157.09%, and GDNF protein was higher (119.17%) in testes of CSR-treated rats (P < 0.05) than in control. CSR-treated animals displayed significantly increased testicular and epididymal sperm counts (37.8% higher than those in control group) and absolute testes weights (7.89% increase, P < 0.05) compared with the control group; no noticeable adverse effects arose in administration of extract (e.g., no significant changes in aspartate aminotransferase and alanine aminotransferase levels), confirming the beneficial effects of CSR on improving male reproductive function by enhancing spermatogenesis [43] . CSR was recently found to exert effect on ovarian follicular development and on the serum levels of follicle-stimulating hormone and luteotropic hormone. The extract elicited significant changes in gonadotrophin levels, increase in ovarian weight, and profound folliculogenesis.
Numerous primary, secondary, tertiary, and antral follicles were found, indicating that the CSR extract modulated the activity of the pituitary gonadotrophs [44] . However, the specific components that exert such effect and their mechanisms of action must be further investigated [42] . CSR is possibly beneficial in both male and female fertility. Thus, CSR displays the potential to be developed into new drugs and food adducts to treat male infertility and to improve sexual function [43] .
Anti-aging effects:
Studies have reported that CSR-supplemented diet extended both the mean and maximum lifespan of adult female flies. The increase in lifespan with CSR treatment was correlated with increased resistance to oxidative stress and starvation and reduced lipid hydroperoxide levels. Additionally, the lifespan extension was accompanied by beneficial effects, such as improved mating readiness, increased fecundity, and suppression of agerelated learning impairment in aged flies [45] . However, the lifespan extension induced by CSR supplementation was unexpectedly only observed in females, suggesting that female flies are more responsive to CSR supplementation. Moreover, other studies have reported that CSR exerted anti-aging effects by delaying telomere elongation, by shortening the lifespan of the cells of a tissue, by slowing cellular aging process, and by increasing IL-2 levels [46] [47] [48] . Moreover, CSR promotes serum superoxide dismutase (SOD) activity and reduces malondialdehyde (MDA) content in mice, as well as prolongs the lifespan of drosophila [49] . Some components extracted from CSR have been recently demonstrated to delay senescence. For example, flavonoids from CSR showed pharmacological activities that extends lifespan and delays aging effect, slowing age-related degeneration and thus greatly contributing to human health [45] . Another component, that is, polysaccharide chewable tablet of CSR, modulated NO metabolism in aging rat models, improved their immune function, and demonstrated anti-aging effects [50] . Moreover, the polysaccharide of CSR enhances the complex I of respiratory chain and the activity of ATPase, reduces MDA content, and improves the morphological structure of aging mitochondria; these effects ultimately manifest the anti-aging activity of CSR [51] . These results demonstrated the potential applicability of CSR through dietary intervention in enhancing health and preventing multiple age-related diseases.
Anti-oxidation is one of the important pharmacological activities in the traditional use of CSR. A study indicated that both alcohol and water extracts of CSR scavenges DPPH free radicals in vitro [52] . CSR increases the serum level and activity of SOD in mitochondria of mice, promotes scavenging activity superoxide anion free radical in mice, reduces the MDA content in serum, and reduces the degree of cell damage [46] .
Anti-oxidation function:
The anti-oxidant activities of aqueous extract of CSR on five types of edible oils were studied in vitro, and the results indicated particular anti-oxidant activities, especially for soybean oil [53] . Moreover, studies have confirmed that CSR components, including polyphenolic, polysaccharide, and other chemicals, demonstrate potent anti-oxidation activities. Both crude polyphenol and polysaccharide exhibited superoxide radical scavenging activities [23, [54] [55] [56] [57] . The trolox equivalent antioxidant capacity of crude polyphenol is 3.1 times that of crude polysaccharide [54] . Another report indicated that the anti-oxidant activity of polyphenols was even stronger than vitamin C at a concentration higher than 0.2596 mg/mL [55] . The half-inhibitory concentration (IC 50 ) of aqueous extract from CSR is 0.45 mg/mL for DPPH and 1.01 mg/mL for O 2 -. The MDA contents in medium and high-dosage groups of aqueous CSR extract decreased (P < 0.05). The activity of SOD in high dosage group significantly increased (P < 0.05), and the activity of glutathione peroxidase increased, although the difference is not significant (P > 0.05). These results demonstrated that aqueous extract from CSR scavenges free radicals effectively and that it exhibits anti-oxidative activity [58] . Another research on a novel DPPH-HPLC method was successfully developed to evaluate the free radical scavenging activity of CSR, and the result indicated that the extract prepared through the reflux method possessed the strongest DPPH radical scavenging activity with an IC 50 of 0.026 mg/mL. Furthermore, quantitative analyses of the samples showed that the free radical scavenging activity of the samples obtained from different growing sites varied significantly, and their IC 50 values ranged from 0.0311 mg/mL to 0.0392 mg/mL [59] . Furthermore, cysteine and acetylcysteine conjugates of flavanol-3-ols with new or improved bioactivities from CSR were prepared, and these conjugates demonstrate stronger radical-scavenging activity than single catechin or epicatechin, and an acetylcysteine group at position 4 of flavanol-3-ols improves their antioxidant activity [45] . Proanthocyanidin extract from CSR analyzed through reversed phase high-performance liquid chromatography-electrospray ionization mass spectrometry was recently found to enhance DPPH free-radical scavenging activity [60] . Thus, being a traditional medicine with anti-oxidant activities, CSR is possibly beneficial to people with insulin-resistant disorders; this assumption may serve as impetus for the extensive application of CSR in different fields, such as medicine, nutrition, health, and food supply.
Anti-fatigue and anti-hypoxia activities:
Experiments of normobaric hypoxia and acute cerebral ischemia stated that CSR effectively counters the effect of acute cerebral ischemia and hypoxia [61] . In addition, CSR improves the damage in Purkinje cell mitochondria in the cerebellum, improves the overall level in a cell during energy metabolism, consequently improving the antifatigue capability of CSR and thus prevents the onset of premature fatigue [62] . Additionally, CSR enhances the anti-fatigue, antianoxia ability, and exercise endurance by significantly increasing blood hemoglobin levels (15.60 ± 0.95 g/100mL), glycogen and muscle glycogen reserves, SOD activity (+37.42% in brain), and catalase activity (CAT) (+14.19% in brain), as well as reduces the amount of MDA (−6.70% in brain) and protein degradation in the body [63] [64] [65] [66] . Furthermore, a 95% alcohol extract of CSR enhanced Phytochemical and pharmacological review of Cynomorium songaricum Natural Product Communications Vol. 13 (4) 2018 505 anti-hyperthermia capacity (survival time was prolonged by 43.82%, P < 0.05) [67] . Moreover, flavonoids, which are major components of CSR, strengthen endurance, improve the GSH-px in blood by 635%, and exhibit anti-fatigue ability (swimming time is increased by 48.4%, P < 0.01) [68] [69] . Moreover, Ginseng-JiangSuoyang Yiqi tablet, a famous traditional tonic medicine in China, strengthens the body's movement adaptability, as well as reduces MDA, hemoglobin B, creatine phosphate kinase, and lactate dehydrogenase levels, but it significantly increases the lactate dehydrogenase and SOD levels, suggesting that CSR exerts antifatigue activity, which is possibly related to the enhanced antioxidant capacity of the body [70] .
Anti-HIV-1 and hepatitis C virus (HCV) protease activities:
The use of novel natural products derived from traditional medicinal plant to resolve refractory diseases is a research hotspot. CSR is a famous sexual function-related food and herb, and many of its active components, such as malonyl ursolic acid hemiester, ursolic acid, and acetyl ursolic acid, which are classified as major triterpenes, demonstrate potent inhibitory activity against HIV-1 protease and HCV proteases [27] . In addition, flavan-3-ol polymers obtained from the water extract of CSR stem, in which epicatechin is the extender flavan unit, have also demonstrated potent inhibitory effects against HIV-1 protease [11] . The inhibitory activity of the CSR components against HIV protease (HIV PR) and HCV PR suggested that these compounds were worthy of further study for their potential as leads in the development of anti-viral agents.
Effects on immune system: In Chinese medicine terminology, kidney deficiency (KD) is a disease related to kidney and spleen. Humoral immunity will be debilitated when one develops KD. Its mechanism is possibly related to increased lymphocyte level in spleen. CSR increases the neutral particles in cells of mice with KD, thereby enhancing the defense function of the body [71] . Studies have demonstrated that CSR aqueous extract Part III prevents the suppression of immune organs, enhances phagocytic ability, and increases serum antibody levels, thereby improving the humoral immune function in mice [72] ; moreover, CSR extracts obviously improves the pathological changes in rat spleen and spleen lymphocyte immune function. In fact, the pharmacological function of Suoyang chewable tablet, a Chinese traditional functional and medicinal food, obviously improves the pathological changes in spleen and spleen lymphocyte immune function [50, [73] [74] . These findings imply that CSR significantly modulates cytokine levels, suppresses autoimmune antibody formation, and enhances humoral immune function to improve the immune capability of organisms.
Effects on nervous system: Studies have demonstrated that CSR extract eliminates the effect of staurosporine-induced apoptotic cell death in SK-N-SH neuroblastoma cells. An ethyl acetate fraction of CSR significantly attenuated staurosporine-induced cell death and reduced cell viability by about 55%, and EtOAc extract showed a good scavenging activity (IC 50 value is 2.9 μg/mL), validating the traditional use of CSR [75] . A new method was developed to assess the functional effect of CSR on regulation of neurotransmitter transporters by using Chinese hamster ovary cells expressing γ-aminobutyric acid (GABA) transporter (GAT-1), dopamine transporter (DAT), norepinephrine transporter (NET), or serotonin transporter (SERT). CSR extracts increased dopamine/norepinephrine uptake by corresponding D8/N1 cells (P < 0.001) and reduced GABA/serotoin uptake by corresponding G1/S6 cells (P < 0.001). The results show that CSR extracts are novel neurotransmitter-transporter modulators similar to DAT, NET activators, and/or GAT-1/ SERT inhibitors [76] . Investigating the neuroprotective effects of extracts and constituents of CSR in vitro and in vivo may provide insights into the novel therapeutic strategies for neurodegenerative diseases.
Regulatory activities in alimentary system: CSR demonstrates a good preventive and reversal effects on liver fibrosis. Moreover, CSR exerts certain effects on T lymphocyte subgroups in peripheral blood and blood cell type in rats with hepatic fibrosis, improving their immune hypofunction to a healthy degree [77] [78] . CSR extracts can fix bowel loops and improve their peristalsis effect [79] . CSR was speculated to display anti-ulcer activity on acute gastric ulcers, and it demonstrates ulcer preventive effect by improving microcirculation and by enhancing the defensive capability of gastric mucosa [80] . Three catechins, namely, catechin, epicatechin, and epicatechin gallate, were rapidly absorbed in rat plasma after oral administration of CSR extracts [81] . These findings served as scientific bases for the traditional functions of CSR on alimentary system.
Other bioactivities: CSR is a rare resource that displays many other pharmacological functions. CSR extracts are beneficial to cell proliferation and as anti-apoptosis agent. The number of BrdUpositive cells in dentate gyrus (located in the hippocampus and associated with episodic memory) was significantly higher in CSRtreated group (n = 27, P < 0.05) than in vehicle-treated group (n = 19, P < 0.05) [82] . Moreover, CSR can promote the increases in the number of marrow stem cells (P < 0.05) [83] . Another study has shown that CSR significantly protects pheochromocytoma line 12 cells against H 2 O 2 -induced oxidative stress, increases the intracellular antioxidase system load, and inhibits H 2 O 2 -induced apoptosis by scavenging ROS by regulating cell cycle, by preventing DNA damage, and by protecting the cell membrane (P < 0.01 vs. model group) [84] . An ursolic acid-enriched fraction derived from CSR increased mitochondrial ATP generation capacity and induced mitochondrial uncoupling, as well as cellular glutathione response, thereby providing protection against oxidant injury in rat myocardial cells (H9c2). These results are significantly different from those obtained in control group [85] . Studies have reported that reduction of INS-1E cell (islet cell lines isolated from mice) apoptosis induced by high-glucose CSR polysaccharide is dose dependent; the reduction rate of INS-1E cell increased from 43.2% in control group to 71.7% in the 1.0 mg/ml CSP treatment group [86] .
Many new pharmacological functions of CSR have been found recently. For example, CSR exerts anti-microbial activities against methicillin-resistant Staphylococcus aureus [10] . The estrogenic activity of 70% EtOH extracts of CSR displayed a potential efficacy for the treatment of menopausal symptoms [87] . CSR significantly improved learning in D-galactose-and scopolamine-induced aging in mice and enhanced memory and memory retention ability by increasing the number of neurons in hippocampus CA1 area, by eliminating free radicals ability, and by reducing the extent of lipid peroxidation-induced damage in brain tissue [88] . CSR shows a strong 5α-reductase (5αR) inhibitory activity, considerably shortens the time of dorsal skin darkening and hair growth, and displays high hair re-growth promoting activity [89] . In addition, CSR inhibits blood-cell aggregation and enhances myocardial function [72, 90] . We believe that the comprehensive application of the biological activities of CSR will be perfected with the development of science, and these applications should benefit humankind.
CSR is a source of a functional and medicinal food widely used in Europe and Asia for centuries. CSR extracts are used in many health-related products, such as food, wine, tea, and tonic medicine. In addition, CSR contains flavonoids, terpenoids, steroids, organic acids, saccharides and glycosides, phloroglucinol adducts and other compounds, and more than 76 bioactive secondary metabolites have been isolated. Furthermore, studies on bioactivities of these components have been conducted. These studies may provide valuable information for the development of novel tonic foods and drugs. The pharmacological functions of this edible plant were also well studied. However, the underlying mechanism and the relationship between some of the compounds and their specific pharmacological functions remain obscure. In addition, existing studies on CSR have focused on water and ethanol extracts; considering the large number of secondary metabolites, these works are far from enough. Additionally, a standard model used to evaluate the pharmacological functions of CSR, such as anti-aging, anti-stress, and nootropic activities, has not yet been established. Thus, establishing an effective and stable model and method is urgently needed.
Artificial cultivation of CSR is no different from natural cultivation [7] ; considering the threatened ecological environment of CSR is mainly due to overexploitation and destructive ways of harvesting, this study brought hope in the development in the cultivation of this species. However, the technology used in artificial cultivation of CSR remains immature, and further studies are warranted.
In summary, CSR is an edible plant and displays high nutritional and medicinal values; CSH has been widely used in folk foods and medicines, and their bioactive compounds and pharmacological functions, which are beneficial to human health, have been widely studied progressively. Given the improvement in the living standard of people, functional foods have attracted wide attention; moreover, green plants and the health products derived from them and without side effects became popular as functional food. However, studies on CSR have limitations. First, studies on a large number of secondary metabolites are not extensive. Second, the mechanism of action of food containing those metabolites requires further investigation. In addition, conservation, protection, and artificial cultivation technology for CSR must be perfected. Therefore, given the high edibility and medicinal value of CSR, subsequent research on the complex secondary metabolites of CSR and mechanism of action of CSR undoubtedly will become the focus of future studies. Table 1 for their names). Table 1 for their names). Table 1 for their names). Table 1 for their names). Table 1 
